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AN EPIDEMIC OF OROYA FEVER IN THE PERUVIAN ANDES

GREGORY C. GRAY, ALBERTO ANGULO JOHNSON, SCOTT A. THORNTON,
WILLIAM ALEXANDER SMITH, JURGEN KNOBLOCH, PATRICK W. KELLEY,
LUDOVICO OBREGON ESCUDERO, MARIA ARONES HUAYDA. anp
F. STEPHEN WIGNALL
Halier Reed Army Insiitute of Research, Washington, DC.

General de Control del Malaria y otras Enfermedades Ministero de Salud, Lima. Peru, Naval
Medical Research Institute. Bethesda, MD: Naval Medical Research Institute Detachment. Lima,
Peru; Bernhard Nocht-Institut fir Tropenmedizen. Hamburg. Federal Republic of Germany:;
Hospital de Pomabamba. Pomabamba. Peru; and Laboratorio de Bartonella. Instituto National de
Salud. Lima. Peru

Abstract. 4Bctwecn Fcbruary and October 1987, a febrile illness killed 14 persons and
seriously aflected at least 14 others in Shumpillan, a remote Peruvian mountain village of
353 people. The iliness was characterized by fever, headache, chills, and pallor. The fatality
rate of untreated cases was 88%. The patients, 71% of whom were male, were 1-75 years
of age. Fatal illnesses progressed from lcthargy to coma to death in 3-60 days. Patients
treated empirically with chloramphenicol survived. Barronella bacilliformis was isolated
from the whole blood of 3 patients. A scrologic study revealed a high prevalence of anu-
bodies to B. bacilliformis in the villagers. It is concluded that the villagers suffered from

an epidemic of Oroya fever. E )

Bartonellosis, or Carrion’s disease, although
described many years ago.'-> remains a myste-
rious disease. It is found in remote mountainous
regions with elevations of 600-2,450 m in Co-
lumbia, Ecuador, Peru, Chile, Bolivia, and prob-
ably Guatemala.*’ The severe form of this sand
fly-borne discase is called Oroya fever. Symp-
toms include fever, headache, chills, palior, and
severe hemolysis, which can lead to death in 40~
90% of untreated patients.!“” The incubation pe-
riod for Oroya fever is about 21 days. A high
mortality rate with Oroya fever is most com-
monly associated with concomitant bacteremic
infections, usually with Salmonella species.* Un-
complicated, less severe Bartonefla infections
have a lower monality ratc and are often man-
ifest by a cutancous cruption (“verruga per-
uana,” or Peruvian want). Incubation time for
verruga peruana is 2 1 month,

Most bartoneliocis studies have dealt with hos-
pitalized patients or hospital records. Endemic
areas for the disease are often isolated and dif-
ficult to reach. Few field epidemiologic studies
have been recorded, and little is known regarding
the risk factors for becoming infected with Bar-
tonella bacilliformis. We conducted a field in-
vestigation in a village where a recent epidemic
had occurred.

From February to October 1987, a febrile ili-
ness killed 14 persons and seriously affected at

least 14 others in a remote Andcan viliage. The
village, Shumpillan, is located ~600 km norh-
east of Lima, Peru near the Maraiion River in
the Department of Ancash. Pomabamba Prov-
ince, Parobamba District. The villagers buila their
homes on the steeply sloping castern Andcan
mountainsides at an clevation of ~2.755 m. Vil-
lage housing is not concentrated. and therc 1s a
distance of ~ 100 m elevation from the home at
the highest point 10 the village squarc. The vil-
lagers live in mud brick houses without plumbing
or electricity. Natural springs. the village water
supply, originate at the highest clevations of the
village and deliver water 10 the lower clevations
via small open canails ~0.5 m in diameter. These
canals are not protected from human cr animal
fecal contamination.

The inhabitants are “mestizos.” of Amerin-
dian and Spanish ancestry. They have been living
in Shumpillan for > 50 ycars. Scveral generations
of a family live in a typical 3 or 4 room fiouse.
Villagers keep numerous domestic animals such
as pigs, guinea pigs, chickens, horses, cattle. and
goats in connected courtyards and corrals. Guinca
pigs regularly inhabit the homes. Oficn, even large
domestic animals are permitied 10 wander freely
in and out of the homes. The villagers have no
regular medical care and are largely independent
from other villages.

The first recorded serious illness during the
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outbreak occurred in Feobruary 1987. The most
frequent chnical signs reported in the outbreak
were fever (100%). headache (100%), chills (85%),
pallor (78%), icterus (59%), cough (44%), diar-
rhca (41%), vomiting (40%). nausca (33%), and
in some. coma lcading 1o death. Both adults and
children were affecied. Deaths occurred 3-60 days
after the onset of symptoms. According to offi-
cials from the Peruvian Ministry of Health
{MOH). the arca was not known to have been
affecied by bartonellosis in the past, and the vil-
lage elders were not familiar with the symptoms
of this disease. Cotncident with the outbreak, the
viliagers reported an increase in Yhe rat popula-
tion of their village. increased flea bites, and in-
creased deaths of pigs and guinea pigs.

In Junc. the MOH. aware of the rat and flea
problem and suspicious of a possible plague out-
break, sent a vecior control team to Shumpillan.
1 he team mapped and sprayed the village dwell-
ings with DDT. The epidemic continued. In Au-
gust, the MOH sent a medical team to the village.
The team examined il villagers, collected sera,
trapped rodents, and empirically treated patients
with oral chloramphenicol. The physicians con-
firmed the symptoms of fever, headache, chills,
pallor, and mild lymphadenopathy. No derma-
tologic changes were noted. Scra obtained at that
time was evaluated by the U.S. Center for Dis-
case Control IFlague Branch and Special Patho-
gens Branch, wiich reporied the sera negaiive
for antibodies 10 Yersinia pestis and Machupo
virus. No other serologic tests were performed.

In October 1987, a tecam of 4 physicians (2
epidemiologists), 2 microbiologists, an ento-
moiogist, a rodent specialist, and vanious other
support stafl was assembled to determine the
cause of the epidemic. As the team prepared to
embark on the S-day journey to the village. it
leamed that 2 patients’ blood cultures collected
in August had grown B. bacilliformis.

MATERIALS AND METHODS

Interviews

A case-control house-t0-house questionnaire
was administered in Spanish to the head of each
household. There were 2 interview teams, each
with 2 physicians and | medical worker who
spoke Quechua, the villagers' primary language.
Whenever confusion arose. the questionnaire was
explained in Quechua. Interviewers were in-

structed to gather data, especially symptom in-
formation, without coaching or suggesting rc-
sponses. Answers were coded on optical scanner
forms. The heads of houscholds were asked about
the number of persons living in the dwelling, the
ages of the occupants, water sources, signs of
illness recently experienced by the occupants, oc-
cupations, and recent journcys to the jungle. A
case was defined as a paticnt with fever and head-
ache for > 3 days during February-October 1987,

House selection

The interview teams used information gath-
ered during the preliminary MOH visitin August
as a guide 10 case houses. This was supplemented
with diseasc information obtained from the vil-
lagers during the October visit.

The interview teams used a previously existing
house numbering system to select control houses.
The village was divided into 3 gcographic regions
(Fig. 1). Region 1 had the highest altitude and
contained most of the spring water sources. Re-
gion 2 was some 50 m lower in elevation than
Region 1. Region 3 was ~ 100 m lower than Re-
gion L. The open water supply for the village
originated in Region | and traveled via open
canals first to Region 2 and then to Region 3.

Control houses were selected from a list of
non-case houses in cach region by randomly se-
lecting a samgling interval and then randomly
selecting a sampling starting pesition. The num-
ber of control houses in each region was selected
in proportion 10 the number of case houses in
that region. Each questionnaire team inter-
viewed 50% of the case houscholds and $0% of
the control households in each region. A gnd
system was designeid 10 awd the investigators in
plotting the locations of the houses and water
sources. Blaod and stool samples were obtained
from houschold members ac the questionnaire
was administzred. if the person identified as a
case was not alive or was otherwise unavailable
for interview, the nead oi the household was
queried. Demographic and risk factor dawa from
28 cases (17 households) and 27 control house-
holds were collected.

Specimen processing

Blood, tissue, and urine specimens from re-
cently deceased domestic animals and trapped
rodents were collected in addition to the human
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Frouns 1. Map of Shumpilian, Peru.

blood and stool samples. Thick and thin Giemsa-
stained and unstained blood smears were made,
Biood was inoculated into paired leptospira me-
dia (PLM), Cary-Blair, Fleicher's, phosphate
buffered saline, and trypticase soy broth medias.
The blood was then allowed to clot. After cen-
irifugation, scra and blood clots were separated
under sterile conditions and frozen in liquid ni-
trogen. The blood clots were cultured for Bar-

.lmlla by MOH microbiologists using the gel-

phase agar method in Lima, and were observed
for 6 weeks.® Stool samples were inoculated into
Cary-Blair media and Merthiolate formalin(MF)
solution. Urine samples were inoculated into
PLM and Cary-Blair medias. Stool and urine
specimens in Cary-Blair were later plated on var-
ious bacteriologic media. The village water sys-
tem was traced and 1 7 water samples were col-
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FiGure 2. Incidence of cascs of fever and headache in Shumpillan, Peru, February-October 1987, DDT wes
sprayed i June. Sick patients were tieated with chioramphenicol in August.

lected along the open canals from the uppermost

" spring 10 the lowsst source :mmadiately below

the village. The water was allowed 10 settle in 1S
ml centrfues tuhes for 1 . and the sedimeni
was inoculated into a Cary-Blair and MF solu-
tion.

1gG antibodies 1o Bartonella antigens were de-
termined by ELISA." The assay anticen con-
sisted of the sonicated Peruvian #. vacilliformis
strain B]3.'° Sera reactive by ELISA were ap-
plied 10 immunoprecipation with detergent-sol-
uble extracts of the strain B13 radioisbeled with
['3.1' Only antibodies detected by toth ELISA

and immunogiobulin were recorded as Barto- .

nella-specific.

1sG and IgM antibody levels '« Salmonella
typhi and S. typhimurium lipopolysaccharide
{Difco laboratories. Detroit, MI) and Brucella
whole antigen (Fisher Scienific, Springfield, NJ)
were determined by iadirect ELICA assays. !>
Since known positive Salmonelia specimens from
this population were unavailabie, poritive ELISA
values were estimated from previons studies.
Rickertsia prowazekii serologies tor IgG were
performed using a Western tlot technique ond

whole cell sonicated antigen.'* Microscopic ag-
givhination (MA) ang indicect hemagzlutination
tests werc used on the sera for the Leprospirc
studics. A Shannon tr2p with 2 burro ior beit
was used to collect :and fiies in and around the
village. )

Sta-istics

Fisher's exact tex. aid tl.c chi-square test were
used for statistical unalysis. Comheld’s 95% con-
fidence limits calculaiions were used for Fishe-'s
exact tests.

RESULTS

The epidemic began during the rainy season,
November to May. Many of the first cases re-
sulted in death (Fip 2.

In addition to fever anc beidache, patients
manifested a brocd ange of symptoms consis-
tent with Oroya fever. Most cases occurred in
the lower regions of the village. The majority of
cases were male (71%). There was no fatality rate
difierence between genders. The disease aflected
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Ficure 3. Cases of fever end headrche by sex and age in. Shumipillan, Perv, Febiuzry- October 1987,

puth the yevag ind the (lierly, but was more
common in children (Fig. 3), the mean age of
patients being 17 years {range 1-75 years). The
average duration of iiiness was 24 days (ange 3-
65 days).

Chlorumphenicol was the only antibiotic used
by the villagers and medical teams. The case
fauliiy rate for patients who did not receive an-
tubsotics was 88% (14 of 16). At kast 10 acutely
ill patients who were treated with chloramphen-
icol in August survived and were healthy during
the survey conducted in October. The overall
case fatality rate was S0%. '

Daua from questionnaires werc used 10 ex-

amine risk factors for clinical disease. Individ- .

uals were st increased risk of being a case if their
houscholds were headed by non-farmers (OR =
3.6, chi-square, 95% C1 1.3, 9.4). About 50% of
the villagers interviewed identifieq theit house-
holds as nor.-farming; alternative occupations
included teaching, carpentry, and animal-keep-
ing. Housing animals insidc the hone was also
associated with an increased risk of disesrse as
cumpared 10 that for villagers who only kept an-
tmals outside the home (OR = 3.3, Fisher's exact
test, Y5% Cl1 0.9-10.8). There was no increased

gise=r . oo lae? with sighting dend rats near the
home, sits 1o the nearty jurcie, or changes in
ihe cvievved inseCl populatio:

G ver i) villagers were s01ov o ditd 10 crup-

tions of verruga peruana were observed. Ninety-
seven villagers donated sera and 53 villagers do-
nated stool samples (casc and control hous:-
holds). T humanr stool cultures did not viels
eNteric puaiogns. Microscomic stool examing-
tion dei:nsuated various parasitic infections,
includin:: sscuriasic, giardiasis. trichuriasis. and
amebiasis. - Numerous stonls demonstrated in-
fection with Endolimax nana, Chilomastix mes-
nili, Eymenolepsis species, Entrrobius vermicu-
laris, Balantidium coli, and hookworm. None of
these.paresity infections correlated with being &
case.
Humen blood and asnimal urine cultures fcr
leptospira wee- negative. One culture of huinan
blo=d collected in October from a clinically
asymptomatic 75-ycar-old man was positive for
b. baciliiformi:. He had recent!y been hospiual-
ized in Lima with symptons suggestive of Oroya
fever. He had reccived medications (type un-
knowis) and had fully recove~d. He was classi-
fi=d as a case.
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Six rats. S guinca pigs. and S pigs were collecied
in the village. The guinea pigs and pigs were ill
and dicd. 8. nvphimurium was isolated from the
blood of several ill guinea pigs. Guinea pigs were
often found living inside family dwellings. Cul-
tures of domestic animal ussue, and blood did
not vicld pathogens. Human blood smears were
ncgative for pathogens

Nincty-three of the October sera were avail-
able for deicrminauton of IgG antibodies 10 B.
hacilliforsus The rate of Bartonella specific an-
ubodics was higher in cases (50%, S of 10) than
non-cases (21.7%. 18 of 83) (OR = 3.6. Fisher's
cxact test. 95% C1 0.8-16.7). One of 2 patients
whose blood yiclded B. bacilliformis at the Au-
gust visit and who were treated with chioram-
phenicol was located during the October visit
Her October sera had Barionella-specific anti-
bodics. The October medical team could not lo-
cate the other paticnt nor his family; for the pur-
poses of these analyses, he was not classified as
acase. The 75-year-old man whose October blood
culture grew B. bacilliformis also had Bartonella-
specific antibodics.

Eighty-four specimens of human sera werc
available tor cxamination by ELISA for anti-
bodies (IgG and 1gM) 10 S. ryphi anG S. typhi-
nturium. Twenty-six of these sera had significant
1gG antibodies against S. 1yphi (* of 5 caic sera).
Twenty-two (1. ¢f S possible cases) of the sera
had 3gC cr I3M 0 §. nphimurivm. ieptospira
serology was positive for |5 of 90 villagers, but
such positive scrology was not associated with
being a case. The assays for brucellosis and ep-
idemic typhus antibodies were negative.

Shannon traps 10 collect sand fly vectors were

_set up at dusk for 1 hr periods. Only | sand fly

" was trapped in the village. However, ~200 m
" below the village., ~ S0 sand flies were collected.
" These sand flies were identified as Luizomyia

verrucarum.
Fecal coliforms were predominant in 3 of 17

h .. water specimens sampled throughout the village

stream water. The remaining water specimens
grew predominately Aeromonas.

DISCUSSION

The analyses of data collected in this rural vii-
lage invostigation are subject to a number of po-
tentia! biases. The villagers were questioned ret-
rospectively. The time frame selected for study,
February-October, was based on the villagers re-

poris and may have been 100 narrow. The case
definition was broad and may have encompassed
other discases. However, this ¢pidemic caused
tremendous stress to Shumpillan, with some
families losing as many as 3 children. The vil-
lagers were unfamiliar with the illness and had
very vivid memories of the outbreak.

Therc is considerable evidence that Oroyz fe-
ver is the etiologic diagnosis in this epidemic. 8.
bacilliformis was isolated in 3 patients. None of
the non-case participants’ whole blood samples
grew Bartonella. Seventy-eight percent of the
cascs were described as having palior, which is
uncommon in thsse dark skinned peonl. wiw ¢
classic symptom of Orora feves (e high 3L
fataifty rate for unticaf®d paiienis is also consis-
tent. Additionally, the imputed sand fly vector_
was found necarby, and the villagers demonstrat-
ed a high seroprevalence of igG to a strain of
Bantonella. i

Other possiblz etiologies were not consistent
with the clinical histories or the laboratory re-
sults. All patient sera collected in August were
negative when screened for plague, and no bi-
boes were reported previously or found in phys-
ical examinations. Untreated leptospirosis casc
fatality rates rerely reach even 30%. and Lep-
tospira serologic tests cculd not explain the -
nesses. Ep - 2uv; yphus is unlikely considering

the negative » ~+niogy, ine low frequency of rasines

reparies di: “™ clinseal histonie:, the long dura-
tion of illness in some cascs, and the high case
fatality rate. Murine and tick typhus are also ur--
likely considering the high case fatality rate. Then
are no mosquito vectors for the transmission o
malaris at thi. . wi0on. Relapsing fever is not
commonly assocated with the sympioms of se-
vere hemolysis &=.2 pallor. Toxin poisoning and
virsl hemorrhaic fevers do not resolve with
chloramphenico: thc-apy.

The epidemic may have begun when an in-
fected villager or vectors migrated to Shumpil-
iae. The fluct:-ions ir the epidemic curve am-
plitude may re_..cxcul 8 cofacior which increased
the severnity of the illness. Contaminated water,
associated with early rainy season run-off, might
provide such » village-wide risk. The finding of
coliforms iz the water sampics and clusicrs of
cascs at the distal ends of the water system sug-
gest that water-bome bacterial infections were a
cofactor. A number of authors have observed
that Oroya fever assuciated with salmoacliosis
causcs death.*"*
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Five of 10 case sera were without Bartonella-
specific antibodies. All S seronegative cases re-
ceived chloramphenicol, which may have blunt-
cd their immune response (3 of these 5 sera had
18G against Barionella, however, their immu-
noprecipation verification tests were negative).
These epidemiologic and Jaboratory data suggest
that Shumpillan suffered from aa outbreak of
Oroya fever. The movement of Oroya fever into
naive territory, causing many deaths, is not un-
precedented. '?

Spraying residual insecticides inside the village
homes is | possible preventive public heaith
measure. Maintaining the hygiene of the village
water supply is also prudent. The severe financial
restrictions and limited resources of the Andean
regior: augur similar epidemics in the future.
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